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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 9%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 22 29 4.0 51 5.7 6.1 5.8 5.4 4.5 36 24 1.9 4.1
Min/Max | 1.8§/2.5 24/34 3.6/47 | 42/63 5.0/6.5 5.3/7.2 5.1/6.6 4.8/59 40/53 32144 1.9/28 1.7/23 | 3.9/44
Latitude -15 | Average | 2.9 3.6 4.6 5.4 57 6.0 5.8 5.6 5.0 4.5 3.2 2.7 4.6
Min/Max | 2.1/3.5 2.8/4.4 4.0/5.6 | 4.3/6.8 4.9/6.5 52171 50/6.6 50/6.2 44/6.0 | 3.8/5.6 22/40 2.2/35 | 43/49
Listitide Average 3.3 39 4.7 53 54 s 1o 5.4 54 2.1 4.8 3.0 el 4.6
Min/Max | 2.3/4.1 3.0/49 4.1/5.8 | 4.2/6.7 4.6/6.1 4.8/6.5 4.7/6.1 4.8/6.0 4.4/6.2 4.0/6.1 24/45 2440 | 43/5.0
Ladtondas1s Average 35 4.0 4.6 4.9 4.8 4.8 4.7 5.0 49 4.8 a7 33 4.4
“ | Min/Max | 2.3/44  3.0/5.1 4,0/5.7 | 39/62 4.1)54 42/56 | 4.1/53 44/55 42/59 | 40/6.2 24/48 25/44 | 4.1/47
90 Average 3.1 33 Fi 2.9 2.4 2.2 23 A 3.2 3.8 3.2 3.0 3.0
Min/Max | 1.9/40 24/44 28/4.1|24/36 22/27 2124 2125 25730 2839 | 3149 2042 22/4.1]27/32

) Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Unceriainty £9%

Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 3.0 3.9 2.2 6.6 T2 T 73 6.8 59 4.9 3.3 27 54
l Min/Max | 2.0/3.7 2.9/49 44/6.6 | 5.1/87 59/86 064/94 | 6.1/8.6 59/7.7 4974 | 4.1/6.4 22/41 2.1/35|50/59
Lasitude-15 Average 34 4.5 5.7 0.9 T2 7.6 73 7.1 0.3 5.6 39 3.2 5.7
Min/Max | 2.3/44 32/57 48/7.2]52/92 5.9/86 064/94 | 6.1/8.6 6.1/80 53/80 | 4.6/7.3 2.5/50 2543 | 53/63
Latitude Average 3.8 4.7 5.8 6.8 7.0 7.3 7.0 6.9 6.3 5.8 4.2 35 5.8
Min/Max | 2.4/4.8 3.3/6.0 48/7.3 | 5.1/9.1 5.7184 6.1/9.0 | 5.8/8.3 5.9/7.8 53/8.1 4.8/7.7 2.6/54 2.7/48 | 5.3/64
{atitude+15 Average 4.0 4.8 5.7 6.5 6.6 6.8 6.5 6.6 6.2 39 4.3 Py 5.6
< Min/Max | 2.5/5.1 34/6.2 4.8/7.3 | 49/8.8 54/79 5.7/84 | 54(78 5.6/1.5 52/79 | 4.8/7.8 2.6/5.6 2.8/5.1 | 52/6.2
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9% B

I Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

I 3. Axis Averagc 4.0 4.8 5.8 6.9 7.3 7.8 7.4 7.1 6.4 59 4.3 3.7 6.0

L : Min/Max | 2.5/5.2 3.4/6.2 49/74 | 52/92 6.0/8.8 6.5/9.6 6.2/8.8 6.1/8.0 54/8.1 4.8/7.8 2.6/57 2R3 | 5566

Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%

I Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, BE-W | Average 22 2.4 2.8 32 33 3.6 %3 32 3.0 3.2 24 22 29
Horiz Axis Min/Max | 0.9/3.2 1.3/3.6  2.0/4.0 | 1.7/50 23/46 26/5.1 2.3/45 24/40 22/43 2.3/4.6 1.0/35 1.4/35 | 2.6/34
1-Axis, N-§ | Average 13 23 32 4.1 4.4 4.6 4.2 4.1 36 32 2.0 1.6 A
Horiz Axis Min/Max | 0.7/2.5 1.3/3.4 2.3/48 | 2.3/6.5 3.0/6.1 34/6.6 | 29/58 3.0/5.1 27/53 2.3/48 09729 1.0/2.6 | 2.9/3.9
1-Axis, N-§ | Average 24 3.0 3.7 43 42 43 4.0 4.1 4.0 4.0 2.8 23 3.6
Tilt=Latitude | Min/Max | 1.0/3.5 1.6/44 2.6/55 | 24/6.8 2959 3262 | 2.7/56 30/52 3.0/58 | 2.9/59 1.2/4.0 1.5/3.8 | 3.2/4.3
Bl Average 2.6 3.1 &3 4.4 4.5 4.7 4.3 43 4.0 4.0 9 2.5 33
k d Min/Max | 1.1/3.8 1.6/45 2.6/55|24/69 3.1/62 34/67 | 3.0/59 3.2/53 3.0/58 | 29/59 1.3/42 1.6/4.1 | 3.3/4.4

Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature °C) k.l 3.0 8.4 129 17.4 21.7 236 23.1 19.9 133 8.3 34 13:1
Daily Minimum Temp -4.3 -2.9 1.9 6.1 10.9 15.5 17.8 123 13.7 6.8 22 2.1 6.9
Daily Maximum Temp 6.5 8.9 14.9 19.7 24.0 27.9 29.2 28.9 26.2 20.6 14.6 8.9 19.2
Record Minimum Temp | -29.4 -20.6 -18.9 -6.1 -1.1 23 12 6.1 1.1 -6.7 -150 228 | -294
Record Maximum Temp | 26.1 26.7 294 ) 333 36.1 38.9 383 37.8 322 272 25.6 38.9
HDD, Base 18.3°C 534 429 307 166 67 3 0 0 24 156 300 462 2448
CDD, Base 18.3°C 0 0 0 0 39 105 162 148 73 13 0 0 540
Relative Humidity (%) 71 68 64 62 71 74 76 77 76 9, 71 72 71
Wind Speed (m/s) 4 3.0 32 3.1 24 21 1.9 1.7 1.9 2.1 25 0y 2.4
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Chattanooga, TN

WBAN NO. 13882

LATITUDE: 35.03° N

LONGITUDE: 85.20° W
ELEVATION: 210 meters
MEAN PRESSURE: 994 millibars

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

2 -
STATION TYPE: Secondary
1 =
1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 24 3.1 4.1 5.3 5.8 6.1 5.9 55 45 38 2.6 2.1 4.3
Min/Max | 2.0/2.8 2.8/39 34/49 | 44/6.0 52/7.1 5.1/72 | 49/6.7 4.7/62 38/52 | 32/46 21/3.0 1525 | 4.0/4.6
Labitade <15 Average 3.1 38 4.6 5.6 5.8 6.0 58 57 50 46 34 2.8 4.7
’ Min/Max | 2.4/3.9 3.3/5.1 3.7/57 | 4.6/6.5 5271 4970 | 48/6.6 4865 4.1/58 | 3757 2542 2.3/3.6 | 4.4/5.1
Liatitnde Average 3:3 4.1 48 54 54 55 5.4 32 5.0 4.9 3.8 3.2 4.7
Min/Max | 2.6/45 3.4/57 3.7/6.0 | 45/6.4 49/6.7 4.6/65 | 4562 46/63 4.1/59 | 39/62 2747 25/42 | 4.4/52
Tt 15 Average 37 42 4.6 5.1 49 4.8 4.7 5.0 4.8 49 4.0 34 45
Min/Max | 2.6/49 3.5/59 3.6/59 | 42/5.9 4459 4.0/5.6 | 3.9/54 42/57 39/56 | 3.9/63 28/50 2.6/4.6 | 42/5.0
90 Average A 34 32 29 2.4 232 2 2 5.1 3.8 34 3.0 3.0
Min/Max | 2.2/44 2.8/49 25/4.1 | 25/34 22127 1.9/23 | 2.0/24 23/3.0 26/3.7| 2949 2344 22/42 | 2732

Solar Radiation

for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty £9%

Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 32 42 3.3 6.8 T3 7.6 ha 6.9 5.8 3.1 35 2.8 53
Min/Max | 2.4/4.1 3457 4.1/7.0 | 54/83 63/95 6.1/94 | 5888 5.7/8.1 4569 | 39/6.6 2544 22/37|5.1/62
Latituds -15 Average 3.8 4.7 5.7 Tl 73 7.6 T2 | 6.2 5.7 4.1 34 5.8
Min/Max | 2.7/49 3.8/6.6 43/7.6 | 5586 64/96 6.1/93 | 58/88 5884 47/73| 43/74 28/53 2.6/4.5 | 5.4/6.6
Latitads Average 4.1 4.9 5.9 7.0 ol 7.2 6.9 6.9 6.2 90 44 3 59
Min/Max | 2.8/54 4.0/7.1 44/78 | 55/806 62/93 5889 | 56/84 5682 47/74 | 44/78 30/57 2750 | 54/6.6
Tatitids +15 Average 4.2 5.0 5.8 6.7 6.6 6.7 6.5 6.6 6.0 6.0 4.6 39 a7
Min/Max | 2.9/5.7 4.0/7.3 4.3/7.7 | 5.2/83 58/87 54/83| 52779 53/78 4.6/13 | 4479 3.0/59 28/53 | 53/65
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
9 Awie Average 4.3 5.0 59 el 7.4 ey 7.3 Tl 6.2 6.0 4.6 3.9 6.0
Min/Max | 2.9/5.7 4.0/7.3 44/78 | 5.6/87 64/97 62/95| 59/89 5884 47/74 | 45/79 3.0/60 2.8/54 | 56/69
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 24 2.6 ol 33 3.3 3.4 3.1 3.1 2.8 32 2.6 22 2.9
Horiz Axis Min/Max | 1.3/3.7 1.7/4.6 1.5/42 | 1.9/44 2.6/5.1 2.3/5.0 1.9/4.4 2.1/42 1.6/3.8 1.9/4.7 1.3/3.8 1.3/3.6 | 2.5/3.6
1-Axis, N-S Average 1.9 25 32 4.2 4.3 4.4 4.1 4.0 34 3.3 2.2 LT 3.3
Horiz Axis Min/Max | 1.02.9 1.6/4.4 1.7/5.1 | 25/5.9 3.4/68 3.0/65 | 2.5/58 2.8/54 19/45 1.9/4.9 1.1/3.2  0.9/2.7 | 2.8/4.1
1-Axis, N-§ | Average 2.6 5 3.6 4.4 4.1 4.1 38 4.0 37 4.0 29 24 36
Tilt=Latitude | Min/Max | 1.4/40 2.0/56 19/58 | 2.6/6.1 33/65 28/6.1 | 24/55 2.8/54 2.1/50 | 2.3/59 14/43 14/39 | 3.0/45
7 A Average 2.8 3.3 33 4.5 4.4 45 4.1 4.1 37 4.0 31 2.6 37
ok Min/Max | 1543 2.1/5.8 1958 | 2.7/6.2 3.5/69 3.0/6.6| 2.6/59 2856 2.1/5.0| 23/60 1545 1542 |32/4.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Due: | Yenr
Temperature (°C) 3.0 5.4 10.2 15.1 19.4 240 25.9 255 224 15.8 10.3 5.1 15.2
Daily Minimum Temp 2.2 0.5 30 8.2 13.0 173 20.2 19.8 17.0 9.4 44 -0.4 9.2
Daily Maximum Temp 8.2 11.3 16.6 219 25.8 30.2 31.7 812 27.8 992 16.2 10.4 211
Record Minimum Temp | -23.3 -17.2 -13.3 -3.3 1.1 5.0 10.6 10.0 Z:2 5.6 -15.6 -18.9 -23.3
Record Maximum Temp | 25.6 26.1 30.6 33.9 372 40.0 41.1 40.6 38.9 344 28.9 25.6 41.1
HDD, Base 18.3°C 476 361 252 109 32 0 0 0 5 106 242 412 1993
CDD, Base 18.3°C 0 0 0 11 64 170 236 222 128 26 0 0 858
Relative Humidity (%) 71 68 66 64 71 73 15 76 T 75 73 73 7.
Wind Speed (m/s) 3.0 32 34 3.2 2.6 73 32 2.1 22 22 2.6 2.9 2.7
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Monthly Radiation (kWh/m®/day)

Variability of Latitude Fixed-Tilt Radiation

Knoxville, TN

WBAN NO. 13891

LATITUDE: 35.82° N

LONGITUDE: 83.98° W
ELEVATION: 299 meters
MEAN PRESSURE: 983 millibars

STATION TYPE: Secondary

1 -+
1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (%) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 2.3 3.0 4.0 52 5.8 6.2 59 55 45 3.7 2.5 2.0 42
Min/Max | 1.8/2.6 2.7/3.6 35/4.6 | 44/60 53/6.8 54/74 | 49/6.7 48/6.1 3.9/53 | 3247 2029 1823 4.1/45
Latitude -15 | Average 3.0 37 4.6 35 58 6.1 5.8 57 5.0 4.6 33 2.8 4.7
attude -1 | nfinMax | 22/3.7  3.2/47  3.9/54 | 4.6/65 5.3/68 5372 | 49/66 4.9/63 42/59 | 3860 254.1 2334|4550
{atitid Average 34 4.0 4.7 54 o0 5.6 5.4 55 31 49 37 3.1 4.7
G Min/Max | 2.4/43  3.4/53 4.0/56 | 4564 49664 4966 | 46/62 4761 42/60| 40/65 2746 2539 |44/5.1
Lafituds 15 Average 3.6 4.1 4.6 5.0 4.9 4.9 4.8 5.0 48 4.9 3.8 33 4.5
attude *13 | npinMax | 25M4.6 35554 3.8/55 | 4.1/60 44/57 43/57 | 40554 4356 40/58 | 39/67 2749 2542|4248
90 Average 3z 33 32 29 24 2.2 23 2.1 22 38 33 3.0 3.0
Min/Max | 2.0/42 2.7/45 2738|2535 2327 2024| 2125 2430 2.6/38| 3052 2243 2239|2732
Solar Radiation for 1-Axis Tracking Flai-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +8%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 3.1 4.0 2 6.7 4 7.8 7.3 6.9 5.8 5.0 34 27 515
Min/Max | 2.1/3.8 3.3/52 4.3/65 | 53/82 63/9.1 64/98 | 5.7/87 5879 46/72| 41/69 24/43 2234 | 52/6.1
Latitude -15 | Average | 36 4.6 5.7 6.9 7.4 1.7 7.3 7.1 6.2 57 4.0 3.3 5.8
g Min/Max | 2.5/4.7 37/6.1 4671 | 54/86 63/92 64/98 | 57/87 5981 4977 | 4579 2851 2542|5564
e Average | 39 4.8 5% 6.9 It 74 7. 7.0 6.3 59 43 3.6 5.8
s Min/Max | 2.6/5.1 3.8/65 4.6/72|53/86 61/89 6.1/94 | 54/84 5880 4978 | 47/83 29/56 2746|5565
Latitide 15 Average 4.1 4.9 5.7 6.6 6.7 6.9 6.6 6.7 6.1 6.0 44 a7 53
AUtUAe *19 | piin/Max | 2.7/54  3.9/66 4572 | 51/83 5784 5787 | 5179 5576 47/7.6| 4784 3.0/58 2.8/49 | 53/6.3
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec Year
9 At Average 4.1 4.9 5.8 7.0 74 79 7.4 T2 6.3 6.0 4.4 38 6.0
RIS Min/Max | 2.7/54 39/66 4.7/73 | 54/86 64/93 65/10.0| 5889 59/82 4978 | 47/84 3.0/58 2849 | 5.7/6.7
Direct Beam Solar Radiation for Concenirating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 22 25 2.7 3.1 3.3 36 3.2 3.2 2.8 32 24 2.1 29
Horiz Axis | Min/Max | 1.1/3.4 14/39 1838 | 1.8/44 26/48 2554 | L1945 2.1/40 1840 | 22/51 L1336 13/3.1| 2635
1-Axis, N-S | Average 1.8 24 3.1 4.1 4.4 4.6 4.2 4.1 34 33 2.0 1.6 32
Horiz Axis | Min/Max | 0927 12/37 2.0/45 | 2.3/57 33/64 3.2/7.1 | 24/58 2.8/51 2.1/49 | 2353 1130 10/23| 2940
1-Axis, N-S | Average | 2.5 3.0 36 42 4.2 43 4.0 4.1 38 4.0 iR 2.3 3.6
Tilt=Latitude | Min/Max | 1.3/3.8 1.6/4.8 2.3/52 | 24/60 32/62 3.0/67 | 2.3/55 28/52 2.3/54 | 27/65 1.5/4.1 14/34 | 32/43
2- Axis Average | 26 31 36 4.3 4.5 4.7 43 42 38 4.1 2.9 2.5 3.7
ks Min/Max | 1.3/4.0 1749 2352 | 25/60 3465 33/72| 25/59 2953 23/54 | 28{65 1.6/43 1.5/3.7 | 3.3/45
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Deg | Year
Temperature (°C) 22 4.5 9.4 142 18.6 229 24.8 24.4 212 147 9.3 45 14.2
Daily Minimum Temp 3.3 -1.6 2.6 7.0 11.7 16.6 18.9 185 15.0 7.8 il -1.1 79
Daily Maximum Temp w7 10.5 163 21.3 253 29.2 30.6 304 27.3 214 155 10.1 20.5
Record Minimum Temp | -31.1 -18.9 -17.2 5.6 0.0 6.1 9.4 9.4 22 -3.9 -150 211 | -31.1
Record Maximum Temp | 25.0 28.3 30.0 333 34.4 38.9 39.4 389 39.4 32.8 289 26.7 394
HDD, Base 18.3°C 499 387 276 130 52 0 0 0 10 132 272 429 2187
CDD, Base 18.3°C 0 0 0 5 39 137 200 189 95 18 0 0 703
Relative Humidity (%) 72 68 65 63 71 73 76 76 76 73 72 73 72
Wind Speed (m/s) 34 35 3 3:7 3.0 28 2d 25 25 .5 3.0 3.2 30
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WBAN NO. 13893

LATITUDE: 35.05° N
LONGITUDE: 89.98° W
ELEVATION: 87 meters

MEAN PRESSURE: 1008 millibars

Monthly Radiation (kWh/m?/day)

STATION TYPE: Secondary

1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 9%

Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 2:5 L 4.2 54 6.1 6.6 6.5 6.0 4.8 4.0 29 2.2 45
Min/Max | 2.1/29 2.8/3.8 3.6/50 | 46/60 52/70 58/74 | 57/7.3 53/6.6 4.3/55| 3.1/46 20/3.0 1.825 | 43438
Tatiide<15 Average 33 4.0 4.8 5.7 6.1 6.4 6.4 6.2 54 4.9 35 3.0 5.0
Min/Max | 2.6/4.2 3.3/4.9 4.0/59 | 4.8/64 5.2/7.1 5.6/7.2 5.6/1.3 5.5/6.9 4.7/6.2 3.7/5.8 2.3/41 23/37 | 4753
Tattida Average 3.7 44 5.0 5.6 5.8 59 6.0 6.0 54 8.2 39 34 5.0
Min/Max | 2.9/49 F:875.5 4.1/6.2 | 4.7/6.3 4.9/6.6 5.2/6.6 5.2/6.7 5.3/6.7 4.7/64 3.9/6.3 2.5/47 2.6/43 | 4.7/54
LatHtiAs 15 Average 4.0 4.5 4.9 82 3.1 3.1 52 5.5 52 53 4.1 36 4.8
Min/Max | 3.0/5.3  3.5/5.7 4.0/6.1 | 44/59 4.3/59 45/56 | 4.6/5.8 49/6.1 45/62 | 3.9/6.5 25/49 27/47 | 45/5.2
90 Average 3.5 3.6 34 340 24 22 2.3 29 34 4.1 35 3.3 3.1
Min/Max | 2.5/48 2.8/4.7 2.8/42 | 2.6/33 2227 2.1/24 | 22/25 2631 2940 2950 2043 23/43 29734
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty £9%
Axis Tilt () Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 34 4.4 5.6 7l T2 8.5 8.4 7.8 6.4 50 <1 3.0 6.0
Min/Max | 2.7/44 3.5/56 4.6/72 | 58/83 63/95 7.2/98 6.9/9.9 6.8/9.1 5.5/7.7 | 4.0/69 23/44 23/3.8 | 55/6.6
Latituile <15 Average 4.0 5.0 6.1 74 8.0 835 8.4 8.1 0.8 6.2 4.3 3.6 6.4
Min/Max | 3.1/54 39/64 49/79 | 5987 64/96 7.1/98 | 69/9.8 69/93 5982 | 4478 2.6/52 2747|5970
Tatitudea Average 4.4 53 6.2 T3 Tk 8.1 8.1 79 6.9 6.5 4.6 3.9 6.4
Min/Max | 3.3/59 4.0/6.9 50/81 | 5986 62/93 6894 | 6795 68/9.1 5983| 4681 27/56 29/52|59/70
Latieide 15 Average 4.6 5.4 6.1 7.0 70 7.6 7.6 e 6.7 6.5 4.8 4.1 6.3
Min/Max | 3.4/62 4.1/7.0 4.9/80 | 5.6/83 5.8/88 63/87 | 6.2/89 65/87 5.8/82 | 4582 2.7/59 30/54 | 5.7/6.9
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty 9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
B Rt Average 4.6 54 6.2 7.4 8.0 8.6 8.5 8.1 6.9 6.5 4.8 4.2 6.6
i Min/Max | 3.4/6.3 4.1/7.0 5.0/8.1 | 6.0/87 6497 72/100| 7.0/10.0 7.0/93 59/83 | 4.6/82 28/59 3.0/55 ] 6.1/7.3
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty £8%
Tracker Jan Feb Mar Apr May June July Aug Sept QOct Nov Dec Year
1-Axis, E-W | Average 26 29 3.0 335 37 4.1 4.0 3.8 332 3.6 2.7 25 33
Horiz Axis Min/Max | 1.6/4.1 1.7/43 2.0/4.5 | 2.5/4.6 2.6/5.0 3.1)54 | 2.8/54 3049 2645 | 2.1/49 1.0/3.6 1.5/3.6 | 2.8/3.9
1-Axis, N-S | Average A 2.8 36 4.6 5.0 54 5.3 3.0 4.0 37 2.3 1.8 3.8
Horiz Axis Min/Max | 1.3/3.2 1.7/4.2 24153 | 3.2/6.1 34/677 4.0/7.1 3.7/7.1 39/6.5 3.2/55 | 22/52 0931 1128 | 3.3/45
1-Axis, N-S | Average 2.9 35 4.0 4.7 4.8 5.0 5.0 5.0 4.4 4.5 3l 2.6 4.2
Tilt=Latitude | Min/Max | 1.8/45 2.2/53 27/6.0 | 3.3/6.3 3.3/6.5 3.8/6.6 3.5/6.7 3965 3.5/60 | 2.6/62 1.2/42 1.6/3.9 | 3.5/4.9
Bk wite Average 3] 3.6 4.1 48 51 5.5 5.4 5.2 4.4 4.6 3.3 29 4.3
Min/Max | 1.9/4.8 2.2/54 27/6.0 | 3.4/64 35/69 4.1/72 3.8/7.2 4.0/6.7 35/6.1 | 2.6/63 1.2/44 1.8/42 | 3.7/5.1
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 43 6.8 1157 172 21.8 26.2 28.1 272 234 173 11.4 6.5 16.8
Daily Minimum Temp -0.6 1.6 6.1 1.3 16.2 20.5 2y 21.7 18.1 1.1 59 1.6 11.3
Daily Maximum Temp 9.2 118 17.3 229 ili 31.8 335 321 28.8 23.5 16.8 11.4 223
Record Minimum Temp | -20.0 -23.9 -11.1 -1.7 33 8.9 Bl 8.9 2 -39 -12.8  -25.0 | -25.0
Record Maximum Temp | 25.6 27.2 29.4 34.4 5k 40.0 422 40.6 394 35.0 294 272 422
HDD, Base 18.3°C 436 323 213 71 14 0 0 0 6 73 211 367 1712
CDD, Base 18.3°C 0 0 8 36 121 235 303 276 159 40 0 0 K177
Relative Humidity (%) 68 66 63 62 66 67 69 70 71 66 68 69 67
Wind Speed (m/s) 42 44 4.6 4.5 39 35 3.3 3.1 3.3 3.4 39 4.2 3.8
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Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation |

1961-1990 Average

 Nashville, TN

WBAN NO. 13897

LATITUDE: 36.

12°N

LONGITUDE: 86.68° W
ELEVATION: 180 meters
MEAN PRESSURE: 996 millibars

STATION TYPE: Primary

Dt ey : —t——
J F M A M J A 8 O N D Wi
Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?®/day), Uncertainty £9%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 23 3.1 4.1 54 6.0 6.5 6.3 5.1 4.7 3.8 Z5 2.0 44
Min/Max | 1.827 2738 3550 | 4.6/65 49/71 52/72| 49/7.1 5063 4.1/54 | 3345 20/30 16/24 |40/47
Fattude =15 Average 3.1 39 4.7 AT 6.0 6.4 6.2 39 3.2 4.6 3.3 238 4.8
Min/Max | 2.3/3.9 32/50 3.9/59 | 48/70 4971 5.1/7.0 | 48/7.0 5.2/6.6 45/62 | 39/57 23/42 22/3.6 | 44/52
Tattrds Average 3.3 42 4.8 5.6 5.7 3.9 58 5.7 5.3 4.9 3.0 31 4.9
: Min/Max | 2.5/44 3.4/5.6 4.0/62 | 4770 4.6/66 4.7/64 | 45/65 5.0/64 45/63 4.1/6.2 2548 2.5/43 | 45/53
Tatitids 15 Average E & 4.3 4.7 3.2 5.0 ul 8.1 b 5.0 5.0 38 34 4.6
i Min/Max | 2.5/48 34/58 3.9/6.1 | 43/65 4.1/58 4.2/56 | 4.0/57 4658 43/60( 4.1/63 2550 2.6/4.6|43/51
90 Average | 33 35 33 31 25 23 24 29 3.3 3.9 33 3.0 3.1
Min/Max | 2.1/43 2848 2743 |26/38 2.1/28 2.1/25| 2.1/26 25/3.1 28/40 | 3.1/49 2044 22/43 | 29/34
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt () Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 3:1 42 5.4 7.0 7.6 8.2 7.8 7.3 6.1 5.1 34 2.7 57
Min/Max | 2.2/39 3.3/55 44/7.1 |57/89 6.0/95 5993 | 5794 6385 50/75| 4.1/65 2.3/45 22/3.6 | 5.1/6.3
Talitads <15 Average 3.8 4.8 5.8 73 T3 8.1 7.8 15 6.5 58 4.0 3 6.0
Min/Max | 2.5/4.8 3.7/64 47/78 | 59/94 6.0/9.6 58/93 57/94 64/88 53/80 | 46/74 2.6/53 25/4.5 | 54/6.7
T sititeide Average 4.1 5.0 6.0 7.2 53 7.8 1.0 T3 6.5 6.0 4.2 3.6 6.1
Min/Max | 2.7/52 3.9/69 48/8.0 | 5.8/93 5893 56/8.9| 5591 63/86 5381 4.8/7.8 27/58 2.7/5.1 | 55/68
Tatinids #15 Ayeraqe 42 5.1 59 6.9 7.0 T3 7.0 6.9 6.3 6.1 4.4 3.8 5.8
i 7| Min/Max | 2.7/55 39/70 47/79|55/90 54/88 52/83| 5.1/85 6.0/82 52/79| 47779 27/60 2.8/54 | 5.3/6.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
A hala Average 43 5 6.0 ¥ 7.8 8.3 D ir e 6.5 6.1 4.4 3.8 6.3
= Min/Max | 2.8/56 3.9/7.1 4388.0|5994 6.1/97 59/95| 58096 6588 54/81| 4879 2.7/60 23/54 S0
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty £8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 2.4 23 2.8 34 3.5 % B 34 i 29 32 25 23 3.0
Horiz Axis Min/Max | 1.3/3.5 1.5/44 19/44 | 23/50 23/52 1.9/4.8 1.8/49 2543 22/42 | 2.2/4.6 1.1/3.8 1.4/3.7 | 2.6/3.6
1-Axis, N-§ | Average 1.8 25 33 4.4 4.6 48 4.4 42 3.6 3.3 2.0 1.6 34
Horiz Axis Min/Max | 1.0/2.7 1441 22/52 | 29/65 3.0/68 23763 | 24/65 3.1/5.7 25/5.1 2.2/48 09/3.3 1.0/2.8 | 2.8/4.1
1-Axis, N-§ | Average 2.6 32 3.8 4.6 44 4.5 42 42 39 4.1 28 2.4 3.7
Tilt=Latitude | Min/Max | 1.4/3.8 1.8/53 2559 | 30/6.8 29/66 22/58| 2.3/61 32058 2856 | 2758 12/44 1.5/40 | 3.2/4.6
s Average 2.8 33 38 4.7 4.7 4.9 45 4.4 32 4.1 29 2.6 3.9
X Min/Max | 1.5/4.1 1.9/55 2.5/59 | 3.1/69 3.1/70 24/63| 24/6.6 3.3/59 2856 | 2.7/59 13/4.6 1643 |3.3/48
Average Climatic Conditions )
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 23 47 10.1 151 19.8 24.2 26.3 256 2210 15.8 10.0 4.7 15.1
Daily Minimum Temp -3.1 -1.2 39 8.6 13.7 18.2 20.5 19.8 16.2 9.1 4.2 -0.6 91
Daily Maximum Temp el 10.4 16.2 21.6 26.0 30.3 319 31.3 28.1 22.5 15.8 10.1 21.0
Record Minimum Temp | -27.2 -25.0 -16.7 -5.0 1.1 5.6 10.6 83 2.2 -33 -18.3 238 | 272
Record Maximum Temp | 25.6 28.9 30.0 32.8 36.1 41.1 41.7 40.0 40.6 34.4 28.9 26.1 41.7
HDD, Base 18.3°C 490 383 261 107 33 0 0 0 12 108 250 422 2072
CDD, Base 18.3°C 0 0 6 11 i 177 246 226 125 28 0 0 898
Relative Humidity (%) 70 69 65 63 69 70 B 73 74 69 70 72 70
Wind Speed (m/s) 4,] 4.2 4.5 42 35 3 3.0 2.9 3.0 32 3.8 4.2 %7
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